Abstract The American College of Medical Toxicology and the National Association of Medical Examiners convened an expert panel to generate evidence-based recommendations for the practice of death investigation and autopsy, toxicological analysis, interpretation of toxicology findings, and death certification to improve the precision of death certificate data available for public health surveillance. The panel finds the following:
Introduction
The term "opioid" in this document refers to any substance that stimulates the body's opioid receptors, whether that substance is naturally derived (e.g., morphine, codeine), semisynthetic (e.g., hydrocodone, oxycodone), or synthetic (e.g., methadone, fentanyl). Opioids marketed for pain relief are called opioid analgesics [1] . Since 1999, the number of intoxication deaths involving opioid analgesics in the United States has quadrupled [2] . In 2012, the American College of Medical Toxicology (ACMT) and the National Association of Medical Examiners (NAME), with financial support provided by the Centers for Disease Control and Prevention (CDC), convened an expert panel consisting of pathologists and toxicologists to address death investigation and certification of opioid drug related deaths. This panel systematically reviewed the peerreviewed literature regarding the topic of fatal opioid analgesic poisoning. The intent of this panel was to develop evidencebased recommendations for the practice of death investigation and autopsy, toxicological analysis, interpretation of those analyses, and death certification in order to better inform public health surveillance and epidemiologic efforts. The panel formulated six questions designed to address best practices and searched the literature to provide evidence to support those practices. Details of the development of the questions, the level of evidence available in the medical literature, and the supporting data are provided in a companion article [3] ; this article provides a summary of the panel's recommendations.
Within the Bounds of State law, Which Deaths Require Assumption of Jurisdiction and Performance of an Autopsy?
Because autopsy provides the most accurate means of determining the cause of death [4] , the panel recommends that a medical examiner or coroner (ME/C) assume jurisdiction and perform an autopsy to determine the cause and manner of death whenever intoxication is suspected as a possible cause for death. NAME also recommends that an autopsy be performed whenever intoxication is suspected [5] . The panel further recommends that a ME/C office receive sufficient funding and personnel to meet this standard. Local laws governing jurisdiction might also influence which cases receive autopsies [5] . The panel recognizes that some drug abusers are infected with blood-borne pathogens (e.g., Hepatitis C or Human Immunodeficiency Virus) [6] , but proper precautions allow those performing the autopsy and toxicological analysis to minimize the risk of infection [7] . Therefore, concern regarding contracting an infectious disease while performing an autopsy in these cases is an inadequate reason to avoid internal autopsy examinations. External examination is an inadequate substitute for autopsy for the purposes of detecting and certifying drug caused deaths. The panel recommends that whenever a ME/C assumes jurisdiction in a death, the ME/C should also seek and assume jurisdiction over any laboratory specimens, such as blood, serum and urine, obtained prior to death by medical professionals [8] .
What Constitutes Appropriate and Necessary Scene Investigation?
The expert panel supports the practices recommended in the USDOJ National Institute of Justice (NIJ) Death Investigation Guidelines published by the United States Department of Justice [9] . The panel concurs with the investigative guidelines calling for an investigator and ME/C to look for evidence of drug use, misuse, or abuse; examples are listed in Table 1 . The ME/C should document any medical therapy, both at the scene in the form of acute resuscitation attempts (e.g., intravenous access sites, naloxone administration) and subsequently in the form of medical and prescription records concerning the decedent's medical history.
The panel recommends taking an inventory of all medications found at the scene. If possible, seek information from state prescription drug monitoring programs, which have information that can be useful in the evaluation of deaths where opioid drugs are detected. For this reason, the panel recommends that ME/Cs have access to the information available in prescription drug monitoring programs both in the decedent's state and across state lines.
When is it Appropriate or Necessary to Perform Toxicology Testing?
The combination of history, investigative information, and autopsy is an insensitive indicator of drug intoxication [10, 11] , but constraints on resources are common in forensic practice. Some forensic offices have found it useful to assess cases in the morgue for the presence of drugs based on a quick screening test of urine with a kit [11, 12] . Screening tests alone Application of heat to increase the rate of transfer of drug from transdermal patch to decedent Presence of naloxone offer only weak evidence, are subject to false negatives, and are inadequate for establishing a cause of death [11, 12] . Therefore, the panel recommends performing toxicological analysis for controlled substances on all decedents for whom one or more of the following circumstances are true: Factors such as delay in autopsy, sampling technique, and specimen preservation contribute more to inaccuracies associated with toxicological testing than do the testing procedures themselves [16] , but procuring and storing toxicology specimens under optimal conditions mitigate these factors [8, 17] . The NAME standards call for collection of blood, urine, and vitreous humor as toxicology specimens in all cases whenever these specimens are available [5] . Specimens that may be particularly relevant to deaths related to opioids include blood, vitreous humor, urine, bile, and gastric contents.
Because of postmortem redistribution of drugs, the best source of a blood sample for toxicological analysis is the iliofemoral vein [8, 17] . Although some ME/Cs ligate the femoral vein and draw distal to the ligation under direct visualization, at least one study shows that samples drawn by blind stick access to the femoral vein yield closely comparable concentrations [18] . If femoral vein blood is not available, then blood from the subclavian vein, the right atrium of the heart, or any other intact blood vessel is the next choice, listed in decreasing order of desirability [8] . Blood obtained from a body cavity is a specimen of last resort.
Label each specimen as accurately as possible regarding the anatomical source of the specimen (e.g., "blood from femoral vein", not "blood"). Store specimens in tightly sealed containers at 4°C for short-term storage. Sodium oxalate and sodium fluoride are the anticoagulant and preservative, respectively, of choice for blood for routine cases. Articles summarize and detail specimen selection, collection, and storage [8, 17] . This list will change over time as pharmaceutical companies market new drugs or cease production of a drug that is currently available.
How Does the Interpretation of Postmortem Drug Concentrations Affect the Certification of Deaths Related to Opioids?
Postmortem drug concentrations are useful, even essential, in the determination of cause of death, but toxicological test results must be interpreted in the context of the circumstances surrounding death, the medical history, the scene of the death, and the autopsy findings [19, 20] . A ME/C must use caution when relying on case studies and published tables of toxicology results, which are often based on a few cases and provide little or no contextual information about specific case details. Given the proper circumstances and autopsy findings, a drug can cause death even at a concentration below what some consider a reported lethal range. Conversely, the simple presence of a drug concentration within the reported lethal range does not necessarily make the drug the cause of death. Drug concentrations measured in postmortem samples cannot be used to reliably calculate the precise quantity of medication consumed [21] .
Postmortem redistribution (PMR) is unpredictable in magnitude and direction and may not occur in every case. Nevertheless, a ME/C can generally make reasoned, clear, and defensible determinations of the cause and manner of death by using sound judgment based on the complete investigative and autopsy findings. The existence of PMR should not serve as an excuse to avoid making decisions concerning cause and manner of death in cases with toxicological findings.
Tolerance accounts for some of the overlap between therapeutic, supratherapeutic, and lethal concentrations of opioid analgesics observed in decedents, complicating the interpretation of postmortem concentrations of opioids and other drugs [22] . There is no reliable quantifiable measure of drug tolerance before or after death.
Drug-drug or drug-toxicant interactions are complex and can occur on two levels-pharmacokinetic and pharmacodynamic [23] . Because many variables determine whether any interactions occur, no a priori method can determine whether any interaction occurred in a given case; this should not, however, preclude consideration of potential interactions with respect to cause of death determination.
Determination of the cause of death should account for pathways of drug metabolism. Given that heroin is metabolized rapidly to 6-acetylmorphine (6-AM), the presence of 6-AM rather than heroin is sufficient to ascribe intoxication to heroin. In the absence of 6-AM, heroin use can be reasonably inferred by other means. For example, pure morphine could come from the ingestion of morphine or as a metabolite of codeine. In heroin, however, codeine from the opium derived from poppies is present as a slight contaminant, and so a morphine:codeine ratio greater than 1 may be considered as evidence of heroin use [24, 25] .
Interpretation of solid tissue concentrations of drugs is complicated and often impossible beyond qualitative evidence of exposure. Drugs may distribute unevenly throughout organs such as the liver or brain because of variations in blood flow, bio-accumulation, and other factors, further complicating interpretation [26] . Death certificate data are often used to determine priorities in public health. Four sections of the death certificate are particularly important to research and public health work on opioidrelated deaths: Cause of Death, Other Significant Conditions Contributing to Death, Manner of Death, and the section labeled "Describe How Injury Occurred." Death certificates must be completed and filed as soon as possible following death, and completion is sometimes necessary before toxicology results become available. Nevertheless, in order to maximize useful information about opioid drug deaths, the panel recommends that the death certificate be completed with the most specific details available about a given death and amended when pending results return.
Cause of Death
If a death is attributed to a single drug or to a combination of drugs, whether as cause or as a contributing factor, then the best and recommended practice is to list the generic name of all of the chemical agents that the pathologist considers responsible for causing death in the autopsy report and on the death certificate [27, 28] . The recommended approach applies to drugs present in concentrations sufficient to have caused death or contributed to death in a given case. Avoid vague, nonspecific descriptions such as "mixed drug intoxication" or "polypharmacy." Table 2 Useful information for "How injury occurred"
Information
Examples of details
Medical history
History of chronic pain, origin of pain (e.g., motor vehicle accident, fall, cancer), history or evidence of drug use, abuse or misuse (e.g., intravenous abuse, prescription medication abuse, methadone treatment, detoxification admissions) Route of administration Oral ingestion, intravenous injection, snorted, smoked, transdermal, transmucosal, unknown Source of drug Prescription, illicit street purchase, diverted from another person's prescription, unknown source Type of formulation Long-acting or extended release opioid, immediate-release opioid Other Significant Conditions
In this section, also referred to as "Part II" of the Cause of Death, list conditions that might have predisposed the person to death but which were neither necessary nor sufficient to cause death. For example, obstructive sleep apnea might contribute to death from an opioid overdose without being the underlying cause of death. The recommendations for specificity in wording the cause of death also apply to listing contributing factors.
Manner of Death
Drug-related deaths are often complex, requiring thorough investigation. This investigative information is then used in conjunction with the results of the autopsy and toxicological testing to determine a manner of death, whether accident, suicide, or homicide. The determination of suicide is often difficult; ME/Cs must base a determination of suicide on appropriate investigative information and postmortem findings and be able to defend this determination. Published guidelines from the CDC indicate that in a suicide the fatal injury must be consistent with being self-inflicted and that there should be indication of intent of self-harm [28, 29] . By these criteria, intentional misuse of opioids in excess amounts for self-treatment or for the sensations that the drugs cause, while dangerous, does not by itself constitute a suicide. At the same time, assigning "undetermined" as the manner of death as a matter of course for deaths due to intoxication does not serve the public good, nor does this practice support efforts to intervene and prevent future intoxication deaths of a similar sort. The panel recommends classifying deaths from the misuse or abuse of opioids without any apparent intent of selfharm as "accident." Reserve "undetermined" as the manner for the rare cases in which evidence exists to support more than one possible determination, that is, where some evidence suggests accident and other evidence suggests suicide or homicide.
How Injury Occurred
The drugs to which fatal intoxication is attributed should be listed in the "Cause of Death" field. The "How Injury Occurred" field should include the known information about the history, route of administration, drug source, and the type of drug formulation, as shown in Table 2 . Examples for "How Injury Occurred" might include: "history of chronic back pain, ingested drug prescribed to decedent" or "injected illicit substance." While it is true that more specific information is preferable to general statements, avoid the use of personal identifiers in this section, as such information may impede attempts to create de-identified data for public health work and may later prove to be incorrect.
Summary
The recommendations of this panel are based on the best evidence provided in the medical literature for the investigation, evaluation, and certification of opioid-related deaths at the time of review. Additional detail concerning these recommendations is available in a companion paper [3] . ME/Cs and toxicologists value their ability to work independently, but cooperation on a problem common to all strengthens the ME/C community's response to the opioid epidemic. Use of these recommendations will improve the detection and reporting of opioid-related deaths. Improved surveillance will reveal the magnitude of opioid-related deaths more accurately, thus clarifying attempts to decrease the number of opioid-related deaths and improving public health by monitoring the effects of these interventions. The opinions and conclusions of this paper have been reviewed and approved by the National Association of Medical Examiners Board of Directors and as such are endorsed by NAME. These opinions and positions are based on a consensus of the current literature, knowledge, and prevailing theories on this topic. As Scientific knowledge and experience grow, NAME reserves the right to revise or update these opinions. The process by which NAME position papers are initiated, written, reviewed, and approved is publically available at https://netforum. avectra.com/temp/ClientImages/NAME/2c26a527-f992-4f70-9d03-7941bff5319d.pdf. All scientific position papers endorsed by the National Association of Medical Examiners automatically expire 5 years after publication unless reaffirmed, revised, or retired at or before that time. This work is a product of NAME and as such, was not subjected to Academic Forensic Pathology Journal editorial review.
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